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(54)Titte: LOUDSPEAKERS 

(57) Abstract 

A flat panel rectangular or elliptical 
loudspeaker has one or more anisotropic 
diaphragms (14. 15). made of double skinned 
fluted polypropylene copolymer (core flute) 
or corrugated cardboard, having a longitudinal 
bending strength greater than the transverse 
bending strength. The diaphragm is vibrated 
by a driver unit (16) which comprises a 
magnet (17) and voice coil (18). In this 
version the magnet (17) is mounted on the 
rear diaphragm (15) and the voice coil (18) 
is mounted on the front diaphragm (14). The 
two diaphragms (14. 15) arc mounted at their 
edges to a frame (11) with the driver unit (16) 
mounted in the space enclosed by the frame 
and the diaphragms. 



10 




3G^ 



20 



Atty. Docket No. 7784-0006p 
Serial No. New application 



Kwun-Wing W. Cheung 
Reference 5 of 5 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCX on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


AM 


Amenia 


PI 


Finland 


LT 


Lithuania 


SK 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


AU 


Anstialia 


GA 


Gabon 


LV 


Latvia 


sz 


AZ 


AzBibaijan 


GB 


United Kingdom 


MC 


Monaco 


TO 


BA 


Bosnia and Herzegovina 


GE 


Geocsia 


MD 


Republic of Moldova 


TG 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


BE 


Belgium 


GN 


Guinea 


MK 


Th£ former Yugoslav 


TM 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


BG 


Bulgaria 


IflJ 


Hungary 


ML 


Mali 


TT 


BJ 


Benin 


IB 


Ireland 


MN 


M(vigolia 


UA 


BR 


Brazil 


IL 


brael 


MR 


Mauritania 


UG 


BY 


Belanu 


IS 


Iceland 


MW 


Malawi 


US 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


CF 


Cenrral African Republic 


JP 


Japan 


NB 


Niger 


VN 


CC 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


CI 


Cttc d'lvoifc 


KP 


Democratic People'i 


NZ 


New Zealand 




CM 


Cameroon 




Republic of Korea 


PL 


Poland 




CN 


China 


KR 


Republic of Korea 


FT 


Portugal 




CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 




CZ 


Czech Republic 


LC 


Saiitt Lucia 


RU 


Russian ^deration 




DE 


Gennany 


U 


Liechtenstein 


SD 


Sudan 




DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 




EE 


Esumia 


LR 


Liberia 


SG 


Singapore 





Slovenia 

Slovakia 

Senegal 

Swaziland 

Chad 

Togo 

Tajikistan 

TUrkmenistaa 

Tuikey 

Trinidad and Tobago 

Ukraine 

Uganda 

United Stales of America 

Uzbekistan 

Viet Nam 

Yugoslavia 

Zimbabwe 



.r ■ «} 



WO 99/67974 PCT/NZ99/00088 

-1- 



10 



LOUDSPEAKERS 



15 FIELD OF THE INVENTION 



20 



This invention relates to loudspeakers, and is applicable particularly, but not 
exclusively to loudspeakers intended to be hung adjacent a wall, in the manner of a 
picture. 

BACKGROUND 



Flat loudspeakers have been known for many years, for example free-standing 

25 

electrostatic loudspeakers. However, such loudspeakers have had to be large and 
therefore obtrusive in order to produce a satisfactory sound level. They have been 
expensive and have had a less than desirable sound frequency response and sound 
distribution pattern. 

30 

Various other types of flat, wali-mountable loudspeakers have been devised, but again 
they have suffered variously from inferior frequency response or stereophonic 
performance. 



35 
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STATEMENT OF THE INVENTION 

^ According to one aspect of the present invention there is provided a loudspeaker 
including a substantially planar first diaphragm which can be vibrated so as to radiate 
sound from at least the front face thereof, and a driver unit operable by a varying 
electric current in order to generate a varying force on the first diaphragm, the force 
varying in a manner related to the varying electric current, characterised by the driver 
unit being connected to the first diaphragm at one or more selected positions or 
mounted to structure which is in turn connected to the diaphragm at one or more 
selected positions. 

15 Preferably the material of the diaphragm is anisotropic (with different characteristics in 
each of its major axis). 

More preferably the material (without apertures) has a bending strength in one direction 
2Q of the plane of the material which is significantly greater than the bending strength 
along a line in the plane of the material at right angles to the first direction. 

In its most preferred form it has a longitudinal bending strength which is about twice its 
transverse bending strength, which is particularly suitable to panels which are 
rectangular or elliptical. 

Preferably the loudspeaker includes a substantially rigid peripheral frame having a front 
face and a rear face, said first diaphragm extending right across the front face and a 
rear diaphragm extending right across the rear face whereby the interior space of the 
loudspeaker is substantially enclosed. 



35 



Conveniently the driver unit is located within said space remote from the frame. 
Advantageously the driver unit is located outside said space remote from the frame. 
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Preferably the driver unit is connected to both of said diaphragms whereby the driver 
unit will apply varying force, corresponding to the varying electric current, to said 
^ diaphragms and cause at least one of said diaphragms to flex and emit an acoustic 
signal from the face of the diaphragm exterior of the loudspeaker. 

Conveniently both said diaphragms are flexible and the driver operates the diaphragms 
in bi-polar mode, that is they move outwards together or inwards together. 

10 

Preferably one of said diaphragms is flexible and the other is rigid. 

Conveniently the driver unit is mounted to the diaphragm at said one or more selected 
15 positions, said positions being remote from the peripheral edge of the diaphragm. 

Advantageously the driver unit is mounted on a body which is mounted on pillars to the 
diaphragm at said positions. 

20 

Preferably said positions are selected so that flexure of the diaphragm in one or more of 
its natural modes of vibration is not impeded. 

Said first diaphragm and/or said rear diaphragm may be of double skinned 
polypropylene copolymer, and may be approximately 3mm thick. 

Conveniently the or each diaphragm is approximately 500 grams or less per square 
metre, and may have a tensile strength of around 28 MPa or more and may have a 
Shore hardness of 67 or more. 



Preferably the surface of the or each diaphragm is treated with a corona discharge to 
assist adhesion of paint or paper thereto, or of the diaphragm to the frame. 

35 



Conveniently the or each diaphragm has longitudinal ribs forming part of its structure 



wo 99/67974 



PCT/NZ99/00088 . 



-4- 

perhaps on one face although in its most preferred form they are internal (ie covered by 
smooth front ant rear faces). Preferably these ribs are provided by a core of corrugated 
^ material or the like and may be square or rectangular and each edge is around 4Q0mm 
long. 

Advantageously the driver unit includes two co-axial voice coils, each fastened to a 
different one of said diaphragms, the voice coils co-acting with a magnet suspended 
centrally between said voice coils. 

Conveniently the or each diaphragm is slightly fluted or corrugated or slightly curved, 
so as to provide a modified acoustic performance of the loudspeaker. 

15 

The interior of the loudspeaker may constitutes a sealed box. Alternatively one or more 
pons or vents may be provided through the frame or through one or both or said 
diaphragms. 

20 

Preferably the first diaphragm is made of a sheet of extruded plastics material having 
integral front and skins joined by closely spaced parallel walls normal to said skins. 

In another aspect the invention provides a loudspeaker including a substantially planar 
diaphragm which can be vibrated so as to radiate sound from at least the front face 
thereof, and a driver unit operable by a varying electric current in order to generate a 
varying force on the diaphragm, the force varying in a manner related to the varying 
electric current, in which the diaphragm is made of front and rear parallel sheets of 
material, said sheets being spaced apart by a plurality of walls extending betweeasaid 
sheets and said walls being parallel to each other and extending substantially normal to 
said sheets, or being of generally rhomboidal or sinusoidal corrugated form. 

35 Preferably the diaphragm is of double skinned polypropylene co-polymer and the walls 
are substantially normal to said parallel sheets. 
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Aliernaiively, the diaphragm is of paper or cardboard, said walls being of substantially 
corrugated form and being fastened by adhesive to the inner opposing faces of the 
parallel sheets. 

Conveniently the driver unit includes a magnet, one pole of which is in magnetic 
continuity with a yoke and the other pole of which is positioned from the yoke by an air 
gap through which gap a voice coil is operable, the voice coil being attached to drive 
the diaphragm. 

Preferable the magnet is a cylindrical permanent magnet and the yoke is co-axial 
therewith, said air gap being annular. More preferably the magnet is a high strength 
permanent magnet such as a neodymium magnet. 

Advantageously, the yoke is made from low oxygen pure iron annealed very slowly in 
hydrogen. 

Conveniently the voice coil has more windings per unit length thereof away from that 
axial part of the voice coil which is in said air gap when no electric current is passed 
through the windings. 

For this purpose, the voice coil winding is a single layer, with the windings spaced apart 
in the region of said axial part. Preferably the voice coil is made of pure copper 
(although aluminium wire could also be used). 

Alternatively or in addition, more than said single layer is wound at regions of the voice 
coil further from said axial part. 

According to another aspect of the present invention there is provided a loudspeaker 
including a diaphragm which can be vibrated so as to radiate sound from at least the 
front face thereof, and a driver unit operable by a varying electric current in order to 
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generate a varying force on the diaphragm, the force varying in a manner related to the 
varying electric current, in which a voice coil of the driver unit is connected to said 
diaphragm, by means of a panel of material, said panel being of a material and having 
dimensions such that at a low range of audio frequencies, the voice coil and at least 
that part of the diaphragm adjacent the panel move substantially at the same amplitude 
and phase, while at a higher range of audio frequencies at least said part of the 
diaphragm and a part of the panel adjacent thereto move at a lower amplitude and /or at 
a different phase from the voice coil, whereby at said higher range a substantial part of 
the sound emitted by the loudspeaker is radiated from a face of the panel adjacent the 
voice coil. 

Preferably the diaphragm is a planar diaphragm. 

Conveniently a sheet of damping material is connected from a stationary part of the 
loudspeaker to said part of the diaphragm adjacent the panel or to the panel. 

The damping material may be cloth or cloth based. 

Preferably the damping material is porous or perforated so as to allow the passage of air 
therethrough. 

BRIEF DESCRIPTION OF THE DRAWINGS 

One embodiment of the invention is described, by way of example only, with reference 
to the accompanying drawings in which: 

Figure 1 is a front view of a loudspeaker, according to the invention, and 
Figure 2 is a. cross-section in a vertical plane along the line II-II in Figure 1, and 
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Figure 3 shows a rear and side views of an allernalive embodiment, 

Figure 4 is a partial perspective view of a component of the loudspeaker, 

Figure 5 is a cross-section of a further embodiment. 

Figure 6 is a first rear view of the embodiment shown in Figure 5, and 

Figure 7 is a second modified rear view of the component shown in Figure 4. 

Figure 8 is a transverse section through another embodiment. 

Figure 9 is a side view of a voice coil shown in section in Figure 8. 

DESCRIPTION 
EXAMPLE 1 

In the drawings, a flat loudspeaker 10 includes a square peripheral frame 11 
conveniently made of medium density fibreboard. Each external edge of the frame 11 
is conveniently 400mm long. The frame is suspended by wires or cords 12 attached to 
loops or other fasteners 13 at the top of the frame 11. 

As seen, particularly in Figure 2, the front of the loudspeaker 10 is covered by a front 
diaphragm 14 which is attached and sealed around the edges thereof by a suitable 
adhesive to the front face of the frame 11. Similarly the rear of the loudspeaker 10 is 
covered by a rear diaphragm 15 attached and sealed to the rear face of the frame 11 by 
an adhesive. Thus, the interior of the loudspeaker 10 constitutes a sealed box. 
Typically, the thickness between the front and the rear faces of the diaphragm 14 are 
30 millimetres for a 400 millimetres square loudspeaker. 
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U has been found thai a suitable material for the front and rear diaphragms 14, 15 is a 
double skinned sheet made from a polypropylene copolymer approximately 3 
^ millimetres thick and approximately 500 grams per square metre or less. Preferably the 
sheet is fluted, has a tensile strength of around 28 MPa or more and shore hardness of 
67 or more. The material preferably has a corona discharge treated surface to assist 
adhesion of paint, or wallpaper to the exterior surfaces of the diaphragms 14, 15 and to 
assist adhesion of the interior surfaces of the diaphragms 14, 15 to the frame 11 . The 
sheet is preferably a laminate having a core formed from ribs, tubes or corrugations, or 
the like. One such a material is known as "core flute" material from the shape of the 
internal longitudinal "flutes" or corrugations - see Figure 4 (discussed below). Another 
practical material is lightweight corrugated card. 

75 

A driver unit 16 is positioned adjacent the centre of the diaphragms 14, 15. The driver 
unit is similar to those used in conventional cone-type loudspeakers and includes a 
magnet 17, which can be a permanent magnet or an electromagnet, and a coacting voice 
2Q coil 18. The voice coil 18 carries the usual winding connected by leads 19 to terminals 
20 on the rear of the loudspeaker 10. The magnet 17 is fastened, for example, by an 
adhesive to the interior surface of the rear diaphragm 15 and the voice coil 18 is 
fastened to the interior surface of the front diaphragm 14. The dimensions of the driver 
unit 16 and the spacing of the front and rear diaphragms 15, are ananged so that the 

25 

voice coil 18 is in the correct operative position relative to the magnet 17, and properly 
centered therein. 

Depending on the acoustic properties required from the loudspeaker 10, the interior 
thereof may be at least partly filled with fibrous or other sound absorbent material or 
may be left empty. Similarly, one or more ports or vents may be provided through the 
frame 11 or the diaphragms 14, 15. 

35 Although the loudspeaker 10 has been shown as being square, it could be circular, 
elliptical, rectangular, polygonal or and other suitable shape. If required more than one 
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driver unit 16 may be provided as suitable locations inside the loudspeaker 10. 

^ In another embodiment, the front diaphragm 14 or the rear diaphragm 15 may be of 
substantially rigid material. Furthermore, the magnet 17 may be fitted to the front 
diaphragm 14 and the voice coil 18 to the rear diaphragm IS. 

For some purposes it may be preferable to provide two coaxial voice coils 18 each 
fastened to a different one of the diaphragms 14, 15 and coacting with a centrally 
suspended magnet 17. Conversely, two magnets 17 can be provided on the diaphragms 
14, 15 coacting with a centrally suspended voice coil 18. 

J5 Either surface of each diaphragm 14, 15 may be slightly fluted and instead of either 
diaphragm being flat, it could be corrugated or otherwise curved so as to provide a 
modified acoustic performance of the loudspeaker 10. 

20 

EXAMPLE 2 

In figure 3 the frame 11 and rear diaphragm 15 are omitted. The magnet 17 is mounted 
on a plate 21 which is mounted on the diaphragm 14 on pillars 22. The pillars 22 are at 
carefully selected positions on the diaphragm 14, so that they do not impede flexure of 

25 

the diaphragm in one of its natural modes, for example as shown by the line 23. The 
magnet 17 may be mounted between the plate 21 and diaphragm 14, or on the rear of 
the plate 21, as shown. 

The loudspeaker shown in Figure 3 may be suspended from the lop edge of the 
diaphragm 14 or from the plate 21 or pillars 22. 

Figure 4 shows a preferred construction for the front diaphragm 14. It comprises an 
35 integral extrusion of polyethylene around 3-5mm thick and having front and rear skins 
25, 26 joined by continuous longitudinal walls 27 with air spaces therebetween. By this 
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construction, the material of the diaphragm 14 is anisotropic and has a longitudinal 
bending strength which may typically be around twice the transverse bending strength. 
Thus, this material is particularly useful in the construction of rectangular loudspeakers, 
for example those having sides of 200mm x 100mm long. Larger or smaller panels can 
be made using this type of material. 



EXAMPLES 

Figure 5 shows a loudspeaker having a rigid rear panel 28 of custom wood around 
12mm thick, with the magnet 17 fastened in the centre thereof. The frame 11 holds the 
from diaphragm 14 at a distance of around 3-5mm from the front face of the panel 28. 
75 The voice coil 18 is held in the gap in the magnet 17 by being fastened in a central hole 
in the diaphragm 14. The hole is closed by a concave part-spherical cap 29, fastened in 
the voice coil 18. 



In order to allow desired motion of the diaphragm 14, the panel 28 (shown in figure 6) 
has an array of holes or ports 30 therethrough. The sizes and locations of the ports 30 
are carefully chosen to achieve a smooth frequency response from the loudspeaker 10. 

Alternative, or additional modification of the frequency response curve is achieved by 
adhesion of mass adding material 31, as shown in Figure 7. Suitable material is 
bituminous sheet loaded with metallic or mineral particles. 

Further adjustment of frequency performance can be obtained by attaching areas of 
sound absorbent material 32 to the diaphragm 14 or to the front face of the panel 28, as 
shown in Figure 7. Supply of electrical signal to the voice coil 18 is conveniently 
through copper foil strips stuck to one face of the diaphragm 14. 



35 
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EXAMPLE 4 

In Figures 8 and 9, a loudspeaker 110 includes a diaphragm 111, to be described later. 
^ The outer edge of the diaphragm 111 is gripped by the outer edge of a substantially 
rigid metal or plastics dish 112. For this purpose, the dish is provided with a flat 1 13 on 
which the diaphragm 111 rests, the diaphragm 111 being located by a substantially 
upright wall 114 and being gripped by an edge portion 115 of the dish 112, which is 
folded or rolled over the outer edge of the diaphragm 111. The centre portion of the 
dish 112 is formed as a cup 116 in which a cylindrical yoke 117 is located. Thus, the 
dish 112 serves to centre the yoke 117 relative to the diaphragm 111, where it is 
retained by a screw 119. 

15 Since the yoke 117 forms part of a magnetic circuit, it is preferably made of low oxygen 
pure iron which has been annealed slowly in hydrogen. A permanent magnet 118 is 
held coaxial with the yoke 1 17 by adhesive. One pole of the magnet 118 is in magnetic 
contact with the upper interior surface of the yoke 117 and the other pole is adjacent a 

2Q disc 135, of the same material and thickness as a flange 120 of the yoke 117. Thus^ an 
annular magnetic gap 121 is formed between the flange 120 and the upper part of the 
magnet 118. A cylindrical voice coil 122 extends through the gap 121. The yoke 
material serves to keep the lines of magnetic flux within the yoke 117, which minimises 
undesirable external magnetic fields and also concentrates the flux across the gap 121. 

25 

In an aperture 123 through the diaphragm 111, there is positioned and fastened a panel 
124 of thin material, such as aluminium typically 0.25mm thick. The panel 124 has an 
out- turned flange 125 fastened to tjie diaphragm 111. The voice coil 122 is fastened by 

^0 adhesive into a groove 126 formed in the panel 124, so that the voice coil 122 is held 
concentrically within the gap 121. Movement of the central area of the diaphragm 111 
is damped by a damping ring 127 which may be of cloth or cloth-like material, is 
preferably corrugated and is fastened by adhesive to the upper surface of the flange 120 

35 and to the flange 125 and/or the diaphragm 111. 
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The dish 1 12 may form an airtight enclosure with the diaphragm 111 and panel 124, but 
if preferred, holes or perforations my be provided through the dish 112. The internal 

^ space within the loudspeaker 110 may include fibrous or foam plastics sound absorbent 
material. The thickness and material of the panel 124 are chosen so thai, for example, 
at frequencies up to 1000 Hz the panel 124 acts as a substantially rigid member and 
moves the adjacent area of the diaphragm 111 therewith when alternating current is 
passed through windings 128 on the voice coil 122. At frequencies above 5000 Hz 
flexure of the panel 124 is such that the periphery thereof and adjacent areas of the 
diaphragm 111 move much less than the voice coil 122 and the central area of the panel 
124. Thus, at these high frequencies sound is radiated almost entirely from the centre 
area of the panel 124. Between those frequencies sound radiation occurs from only a 

75 small area of the diaphragm 111 and from parts of the panel 124. 

In order to modify the frequency response of the loud speaker 110 at large excursions 
of the voice coil 122, the windings 128 may have more turns per unit length towards the 
2Q ends of the winding 128 than in the centre thereof. This may be achieved by spacing 
the windings in the centre or by close-winding the turns throughout the length thereof 
and adding one or more layers 129 adjacent the ends thereof. The coils are wound on a 
former 136 provided with perforations 137. 

25 

It has been found that a suitable material for the diaphragms 111 is a double skinned 
sheet made from a polypropylene co-polymer approximately 3 millimetres thick and 
approximately SOO grams per square metre or less. Preferably the diaphragm 111 has a 
tensile strength of around 128 MPa or more and shore hardness of 67 or more. The 
material preferably has a corona discharge treated surface to assist adhesion of paint» 
wallpaper etc to the diaphragms 111. The diaphragm 111 is preferably a laminate 
having a core of foam, or has ribs, tubes, corrugated sheet or the like. If it has a foam 
core it preferable that the foam is not uniform (or the cover sheets are shaped or 
35 reinforced). For example the foam core could be shaped or reinforced in such a way 
that the bending stiffness is greater in one direction than another. 
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The diaphragm 111 may comprise an integral extrusion of polyethylene around 3 to 
5mm thick and having front and rear skins 130, 131 joined by continuous longitudinal 
walls 132 with air spaces therebetween. By this construction, the material of the 
diaphragm 111 is anisotropic and has a longitudinal bending strength which may 
typically be around twice the transverse bending strength. Thus, this material is 
particularly useful in the construction of rectangular loudspeakers, for example those 
having sides of 200mm x 100mm long. 

10 

Figure 8 shows the use of a retaining ring 138, of thin aluminium or the like. The ring 
138 has a flange 139, which can press down on the external skin 130 of the diaphragm 
111. An integral cylindrical portion 140 can be pushed down between the edge of the 
75 aperture 123 and the outside surface of the cylindrical part of the panel 124, which has a 
rib 142 which clicks into a groove 141 in the portion 140 of the ring 138. The rib 142 
and groove 141 may be reversed, if preferred. 

20 

ADVANTAGES OF THE PREFERRED EMBODIMENTS: 

Ease of manufacture. 

Good acoustics achievable at a low cost of construction. 

Lightweight diaphragm material particularly suite to rectangular or elliptical panels. 
Scalability. 

Loudspeakers or diaphragms can be made in many different sizes or shapes, or readily 
disguised as other objects. 
30 This invention lends itself to flat panel speakers of A5 size or smaller which are 
particularly suited for the multimedia market, or for inclusion in vehicles fitted into 
dashboards or into vehicle doors. The can work in any orientation and depending upon 
design can be provided with or without a surrounding frame. 
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VARIATIONS: 

One or more drivers may be used depending upon the size of the diaphragm. The 
loudspeakers may be tuned by porting or by adding weights. In the drawings we have 
show porting in the back panel (figures 6 and 7) but similar porting may be provided in 
the material of the diaphragm. The panels may be tuned by the use of a powder such as 
sugar or the like on the panel when horizontal so that the nodes can be observed on the 
panel. 

The diaphragms can be made of any shape (eg they could have irregular outlines if 
needed). They need not be flat although this is preferred. 

75 

Materials other than core flute or corrugated cardboard can be used. Preferably the 
material is light weight and stiff but flexible. In the preferred embodiments standard 
extruded core flute of 3mm thickness has been used but other thicknesses between 2mm 
and 5mm could be used for most applications. Larger panels may require more drivers 
and a thicker core flute diaphragm. 

The loudspeaker could be disguised as part of a vehicle or part of furniture or a box or a 
painting or almost any object as size or shape is no longer a restriction. In one example 

25 

we have included flat panel loudspeakers as part of a vehicle dashboard and in another 
application we have made a painting operate as a loudspeaker. 

Finally various other alterations or podifications may be made to the foregoing without 
30 departing from the scope of this invention as set forth in the following claims. 



35 
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CLAIMS 

^ I. A loudspeaker including a substantially planar first diaphragm which can be 
vibrated so as to radiate sound from at least the front face thereof, and a driver 
unit operable by a varying electric current in order to generate a varying force on the 
first diaphragm, the force varying in a manner related to the varying electric current, 
characterised in that the material of the planar first diaphragm is anisotropic, 
and that the driver unit is connected to the first diaphragm at one or more selected 
positions or mounted to structure which is in turn connected to the diaphragm at one 
or more selected positions. 

75 2. A loudspeaker as claimed in claim 1 characterised by a substantially rigid 
peripheral frame having a front face and a rear face, said first diaphragm extending 
right across the front face and a rear diaphragm extending right across the rear face 
whereby the interior space of the loudspeaker is substantially enclosed. 

20 

3. A loudspeaker as claimed in claim 2, characterised by the driver unit being 
connected to both of said diaphragms whereby the driver unit will apply 
varying force, corresponding to the varying electric current, to said diaphragms and 
cause at least one of said diaphragms to flex and emit an acoustic signal from 
the face of the diaphragm exterior of the loudspeaker. 

4. A loudspeaker as claimed in claim 1, characterised in that said first diaphragm 
and/or said rear diaphragm is mac|e of double skinned polypropylene copolymer. 

30 

5. A loudspeaker as claimed in claim 1, characterised in that the first diaphragm is 
made of a sheet of extruded plastics material having integral front and skins joined 
by closely spaced parallel walls normal to said skins. 
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6. A loudspeaker as claimed in any preceding claim characterised in that the or 
each diaphragm is approximately 500 grams or less per square metre. 

7. A loudspeaker as claimed in any preceding claim characterised in that the or 
each diaphragm has a tensile strength of around 28 MPa or more. 



10 



8. A loudspeaker as claimed in any preceding claim characterised in that the or 
each diaphragm has a Shore hardness of 67 or more. 



9. A loudspeaker as claimed in any preceding claim characterised in that the 
surface of the or each diaphragm is treated with a corona discharge to assist adhesion 

15 of paint or paper thereto, or of the diaphragm to the frame. 

10. A loudspeaker as claimed in any preceding claim characterised in that the 
driver unit includes two co-axial voice coils, each fastened to a different one 
of said diaphragms, the voice coils co-acting with a magnet suspended 
centrally between said voice coils. 



11. A loudspeaker including a substantially planar diaphragm which can be vibrated 
so as to radiate sound from at least the front face thereof, and a driver unit operable by a 
varying electric current in order to generate a varying force on the diaphragm, the force 
varying in a manner related to the varying electric current characterised in that the 
material of the diaphragm is anisotropic and the diaphragm is made of front and rear 
parallel sheets of material, said sheets being spaced apart by a plurality of walls 
extending between said sheets and said walls being parallel to each other and extending 
substantially normal to said sheets, or being of generally rhomboidal or sinusoidal 
corrugated form. 



35 
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12. A loudspeaker as claimed in claim 11 characterised in that the diaphragm is of 
double skinned polypropylene co-polymer and the walls are substantially normal to 

^ said parallel sheets. 

13. A loudspeaker as claimed in claim 11 characterised in that the diaphragm is of 
paper or cardboard, said walls being of substantially corrugated form and being 
fastened by adhesive to the inner opposing faces of the parallel sheets. 

10 

14. A loudspeaker as claimed in claim 11 in which the driver unit includes a 
magnet, one pole of which is in magnetic continuity with a yoke and the other pole of 
which is positioned from the yoke by an air gap through which gap a voice coil is 

15 operable, the voice coil being attached to drive the diaphragm, characterised in that the 
yoke is made from low oxygen pure iron annealed very slowly in hydrogen. 

15. A loudspeaker as claimed in claim 14 characterised in that a member made of 
the same material as the yoke is in magnetic continuity with said other pole of the 
magnet, the air gap being formed between a peripheral portion of said member and an 
opposing part of the yoke. 

16. A loudspeaker as claimed in claim 15 characterised in that said peripheral 
portion of the member and said opposing part of the yoke are of substantially the same 
thickness. 

17. A loudspeaker as claimed in claim 11 characterised in that the voice coil has 
more windings per unit length thereof away from that axial part of the voice coil which 
is in said air gap when no electric current is passed through the windings. 

18. A loudspeaker as claimed in claim 17 characterised in that the voice coil 
35 winding is a single layer, with the windings spaced apart in the region of said axial part. 



wo 99/67974 



PCT/NZ99/00088 - 



- 18- 

19. A loudspeaker as claimed in claim 17 characterised in that more than said single 
layer is wound at regions of the voice coil further from said axial pari. 

5 

20. A loudspeaker as claimed in claim 11 characterised in that the voice coil of the 
driver unit is connected to said diaphragm, by means of a panel of material, said panel 
being of a material and having dimensions such that at a low range of audio 
frequencies, the voice coil and at least that part of the diaphragm adjacent the panel 
move substantially at the same amplitude and phase, while at a higher range of audio 
frequencies at least said part of the diaphragm and a part of the panel adjacent thereto 
move at a lower amplitude and/or at a different phase from the voice coil, whereby at 
said higher range a substantial part of the sound emitted by the loudspeaker is radiated 

75 from a face of the panel adjacent the voice coil. 

21. A loudspeaker as claimed in claim 1 1 characterised in that a sheet of damping 
materia] is connected from a stationary part of the loudspeaker to said part of the 

2Q diaphragm adjacent the panel or to the panel and in which the damping material is 
porous or perforated so as to allow the passage of air therethrough. 

22. A loudspeaker as claimed in claim 21 characterised in that the damping material 
is cloth or cloth based. 

25 
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Fig. 2 
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